The ultimate goal in planning, designing, commissioning, and verifying The Process and Methods for Optimal Decision-making "Begin with the end in mind" is the old adage that is particularly applicable in effluent decontamination systems (EDS). With that as a core focus, having a proven process in place to move from the beginning stages of feasibility and planning for effluent decontamination through to the end stages of commissioning the system and biological validation is very important.
Needs Assessment Biosafety Guidelines
Biosafety guidelines from around the globe require laboratories operating at BSL-4, BSL-3Ag, and CL4, to treat all liquid waste before discharge to a public sanitary sewer system. All of the major organizations provide guidelines, including the U.S. Department of Health and Human Services/Centers for Disease Control/National Institutes of Health's Biosafety in Microbiological and Biomedical Laboratories (U.S. Department of Health and Human Services, 2007) , the U.S. Department of Agriculture, Agricultural Research Services (USDA/ARS), or Health Canada Laboratory's Biosafety Guidelines. These are the common documents referenced in North America, but countries around the world often have their own biosafety guidelines, such as the World Health Organization's Laboratory Biosafety Manual, the United Kingdom's Health Safety Executive Guidelines, Belgium's Biosafety in Europe Guidelines, the Chinese Biosafety Laws and Regulations, or the Biosafety Guidelines of Bangladesh. For purposes of simplicity, this article will reference North American guidelines. (Please refer to "Additional Information" section for more detail on the guidelines.)
The source of guidelines is determined by the specific agency or institution implementing the project as well as the location of the project. A thorough examination and understanding of the guidelines are paramount to developing a successful system.
Other Requirements
For BSL-3, or CL3 laboratories, the various guidelines do not generally require an effluent treatment system unless the laboratories are dealing with zoonotic or agricultural pathogens. Even if codes and guidelines do not require an effluent treatment system, a system may be desired for the following reasons: 1. Public perception: Community-based perceptions often lead to more stringent protocols and redundant levels of safety. Anything an institution can do to ensure the public that the risk of potential contamination to the community and the world has been minimized will only assist in efforts to obtain community support. 2. Risk assessment: An internal risk assessment may deduce that there is an unacceptable risk of exposure to the community if liquid effluents are not treated. The process for conducting the risk assessment should include defining answers to the following: a. What work activities will occur in the facility? b. What biohazards/discharges will occur in the facility? c. What are the laws and regulations at the local, regional, and national levels? d. Can the effluent be treated effectively within the laboratory before discharge down the drain? e. What would be the effects if a pathogen were released into the environment?
Once the needs assessment is complete, and it has been determined that an EDS is required, the next steps are to develop a load profile, determine the optimum design solution, "right-size" the solution to the size of facility in which it will operate, and understand the significance of safety, redundancies, and material selections.
A. Develop Load Profile
The system does not need to be sized for the maximum flow from the facility, but rather sized to treat the flow over a course of time. For most facilities, the peak periods of effluent flow are near the end of the afternoon when animal room washdowns occur, most of the laboratory staff is showering and leaving the facility, and the autoclaves are running to sterilize the day's scrubs and other equipment. This may equate to more than 5,000 gallons in 1 hour, but this does not mean a system is needed to process 5,000 gallons per hour (120,000 gal/day). The load throughout the entire day may be only 8,000 to 10,000 gallons; thus, what is really required is a system that can store and process 10,000 gallons per day, not 120,000 gallons. Systems should be designed for peak day operations and automated systems can be sized to run through the night.
In defining a load profile, the following should be considered:
• How many personnel are using the facility?
• What is the operational cycle versus the treatment cycle?
• What are the operational protocols (showers? washdowns?) • What is the program type?
The following process will help to identify an accurate load profile.
First, identify the common and infrequent sources for the load. The common sources typically include sinks, floor drains, toilets (if inside the containment envelope), autoclaves, showers, chemicals, and animal spaces. The infrequent sources may include the fire protection system load, valve leakage, and human error.
Second, develop a flow profile. This flow profile should include a summary of the origination of loads, a summary of laboratory operations, a summary of treatment profiles, and a summary of the system. Third, define the characteristics of the expected flow. Are there any chemicals that can cause adverse reactions under treatment conditions? Are there suspended solids? Are there large solids that may not be penetrated by heat or chemicals? Are solids organic or inorganic? Quantify these characteristics and verify their effects on different treatment processes.
Figures 1 and 2 depict peak hourly flow profiles for different facilities. Note how peaks and general flow rates vary between the two facilities. When calculating flow profiles, each facility will be different based on individual operational protocols.
B. Determine Design Solution
Either a simple or a complex system can be used based upon the load profile. A simple system typically operates manually and has low lifecycle costs, but has low throughput. A more complex system is usually automated and has higher lifecycle costs, but has high throughput, can be made redundant, and can operate under either a batch or continuous flow structure.
Design Considerations
The following checklist provides a brief overview of the design considerations to be evaluated.
• What is the expected biowaste flow? Volume/day, peak periods? Does it contain solids? Does it contain chemicals? • What central services are available? Steam, gas, electric? City sewer, septic system, local treatment, landfill? City water, well, water restrictions?
• What are the possible treatment parameters? What Technologies to Consider B Batch Steam System. The most common liquid decontamination system in use today, the steam jacket system, utilizes a steam dimple jacket around a process chamber to heat the liquid effluent to a sterilization temperature for a period of time. Sterilization temperatures can vary but accepted practice is above 250°F for 30 minutes. The liquid waste is then cooled before being discharged into the sanitary sewer system. If steam is not available, hot oil (heated with electric resistance heaters) can be circulated through the dimple jacket for the heating medium.
B Batch Steam Injection System. This system uses a steam-jacketed batch system with the addition of steam injection into the process tank. With the combination heating jacket and the direct steam injection into the effluent load, heat-up times can be cut in half. In addition, the direct steam injection agitates the effluent and facilitates a more even heat distribution. Although steam agitation is not sufficient to break up solids that may be present in the effluent load it does assist in ensuring that solids do not build up on the inside of the tank, which could affect the heat transfer from the heating jacket. The steam injection is noisy and can often sound like a jet engine if sound mitigating design solutions are not incorporated. The steam injected into the effluent also takes up valuable volume which could otherwise be used to process more effluent.
C Continuous Flow System. Continuous flow systems consist of a buffer storage chamber, followed by a sealed pump that pumps the effluent through a heating heat
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Figure 3
Example Batch Steam System exchanger, then through a series of insulated coils, and then through a cooling heat exchanger before discharge into the sanitary sewer system. Sterilization temperatures can vary but accepted practice is above 250°F. The pump maintains a constant flow through the system which must be defined before the system can be designed. The temperature of the effluent is maintained at sterilization temperature for the designed time by flowing through the series of insulated coils. Coil length is designed for the flow rate to give a constant continuous time factor which can vary from 2 seconds (at higher temperature) to more than 20 minutes. The heating energy source may be either steam, electricity, or natural gas.
Selecting a Batch System versus a Continuous Flow System
Considering the following factors may be helpful in reaching a decision on which system to use: Batch Chemical Systems:
• Chemicals do not penetrate any solids that enter the system.
• Provide adjustable treatment parameters (time and chemical ratio).
• Must be neutralized before discharge to sanitary sewer.
• Use a large amount of chemicals.
• Are usually appropriate for smaller systems (<100 gallons per day).
• Can be validated only by spiking the system and taking samples from the discharge, as the spores have to come in contact with the chemical disinfectant to determine efficacy.
Batch Heating Systems:
• Are less prone to clogging from solids that enter the system. Temperature parameters can sterilize solids in the system.
• Provide adjustable treatment parameters (time and temperature).
• Can contain a dry well for spore testing during the cycle.
• Can be designed with heat recovery, although heat recovery is usually economical only on significantly large systems (>10,000 gallons per day throughput).
• Can use natural gas, diesel, or electricity to generate a heating medium.
• Is a proven and robust system. Continuous Flow Heating Systems:
• Not recommended for solids treatment as there are many heat exchangers and small diameter tubing which can trap the solids and plug the system, although additional components such as screening are available.
• Provide a continuous flow designed to maintain a specified temperature for a minimum specified amount of time.
• Not necessarily any less expensive than a comparably sized batch system. These are usually considered less expensive because they are usually smaller systems, but an under-the-counter batch system can also be inexpensive.
• Can be provided with high-efficiency heat recovery (in excess of 80% of the heat can be recovered), using the heat from the cooling of the discharge of the system to pre-heat the incoming waste into the system.
• Can process 20 gallons per day or in excess of
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Figure 4
Example Continuous Flow System 10,000 gallons per day.
• Is constantly flowing and thus validation techniques must flow with the effluent. Because of this, the system can be validated only by spiking the system and taking samples from the discharge. There is no method for introducing spore strips into the system.
C. Right-sizing the System
To select the right size system, it's important to have an accurate and detailed load profile; therefore, sufficient time and effort should be committed to developing the load profile early in the planning process. This load profile takes into account all the loads coming into the system on a per hour basis and all the loads which are processed (or taken out of the system) on the same per hour basis. With a proper load profile developed, there should be a minimal amount of time during a day when the system has no effluent, while at the same time there should be no time during the day in which the system is overflowing.
In right-sizing the EDS, collaborating with the users to be specific on how they operate within containment is required. For example, does a user regularly go in and out of a lab 10 times a day and thus requires 10 showers per person per day, or do technicians, graduate students, post-doctoral fellows and principal investigators . have different entering and exiting frequencies? Is this indicative of the operating protocol of the entire laboratory staff? Does every animal room get washed down daily, or are the different animal rooms scheduled on different days to reduce water usage?
When everyone is in agreement about how the facility will operate under full capacity, then a proper load profile can be developed. Make this load profile available to the facility users as part of the O&M manuals or the commissioning manuals at the end of the project. In the future, if the users find they are overloading the system, they can refer to the load profiles and determine what may have changed in the operating parameters.
Including a storage tank in the system to allow for some "buffering" of surge loads may be beneficial. For example, often laboratories experience large volumes of effluent at mid-day or the end of the day. Animal rooms are washed down, autoclaves are running, and everyone is showering on the way out of the lab. Compared to the rest of the day, this surge could be 80% of the entire day's effluent volume. By introducing a storage vessel into the system, smaller and more efficient automated treatment vessels can still handle the load by continuously processing 24 hours per day in 2-to 3-hour increments. However, storage vessels add another layer of complexity, needing additional valves and fittings that have more potential to leak than a simple piping system.
Installing the "right sized" system for today's load profile and allowing space for future installation of additional processing vessels may be the most cost-effective route. In this scenario, the projected loads that everyone can foresee and agree to are designed for, without over designing the system. At the same time, space is allotted for installation of future capacity should the load profile change due to changes in operation in the future.
D. The Significance of Safety, Redundancies, and Material Selections Safety, redundancies, and material selections are key components when designing a system. The following points may be helpful during the design process.
S Safety. Biological and operational safety must be analyzed. Biological safety considerations should include the following:
• Potential back-up into the laboratory from failed valves or undersized systems.
• Bypassing the heat treatment system resulting in exposure to the environment.
• Poor maintenance items which could result in exposure to the maintenance staff.
• Leaking pipes, fittings, and sensors which can result in exposure. Operational safeties include:
• Potential for severe burns from accidental release during a heating cycle.
• Potential for chemical exposure from chemicals used in the laboratories or within the EDS process.
R Redundancy. Creating redundancy in valves, sensors, and control systems, and even developing a completely redundant system can help mitigate some of the safety concerns. In addition, the use of redundant functions can keep the system operational even during a single-component failure or during maintenance of one part of the system. M Material Selection. Materials need to be selected based on their chemical compatibility, lifecycle, and overall costs. Biological laboratories may have large quantities of bleach, quaternary ammonia compounds, or other disinfectants which can quickly deteriorate some grades of stainless steel. Type 316L stainless steel is the accepted standard in the industry and seems to offer a respectable balance to all these criteria. However, some laboratories with higher chemical compositions may wish to investigate higher grade stainless steels or Hastelloy compounds.
In considering materials for an EDS, the following should be evaluated as a minimum: Double-wall piping is not recommended as it is difficult to inspect, decontaminate, and repair, and is very expensive. However, there are instances in which it may be desired. If the facility is required to meet the USDA BSL-3Ag requirements, then below-grade piping must be double-wall. Double-wall piping may also be considered if piping is located above public areas, where exposure to the general public would be high risk. Double-wall piping should have a leak detection system as there is no other way to ensure the carrier pipe is secure. Note that electrical leak detection systems do not tend to work for gravity systems as the leak is rarely severe enough to cause a sensor to react. In addition, condensation between the carrier pipe and containment pipe can cause false alarms. A pressurized system where the annulus between the carrier pipe and the exterior pipe is pressurized and monitored is the best alternative, but care must be taken not to blow out traps if pressure is accidentally introduced into the carrier pipe.
Testing
Three types of tests should be conducted on the system, including a factory acceptance test (FAT), a site acceptance or start-up test, and a commissioning test which would include normal and abnormal operations.
First, a factory acceptance test should be conducted to ensure the proper components and sequence of operations. FATs should cover all required components specified, as well as a run-through of operations including normal and abnormal (failure) scenarios. The operational test at the factory can be dry (without liquid or heat), simply noting that the program opens and closes the required valve arrangements as specified for each phase of operation. Documentation from the supplier should be required to ensure the test has been successfully completed.
Second, a site acceptance test should be conducted to validate start-up capabilities and performance verification. This test should be performed under the exact conditions that the equipment is to be used and documentation should, again, be required. There should be no simulation during the site acceptance test.
Third, commissioning (Cx) should be conducted with component verification, system testing, and integrated testing. Commissioning is the quality assurance process to achieve, verify, and document the performance of each system to meet the operations needs within the capabilities of the documented design and equipment capacities, according to the owner's functional criteria and other codes and regulations.
The Cx process should include: • Component verification that individual components meet design intent, technical requirements, and installation criteria.
• Systems testing to ensure fully functional systems under all operational parameters.
• Integrated system testing to ensure functional interdependency of systems and final facility verification.
Normal Tests
Normal testing includes normal operation of the equipment and testing of day-to-day operations of the equipment. Normal testing should accomplish the following:
• Establish baselines • Determine loads • Perform shutdown and isolation • Vary operational parameters • Generate trends/reports
Abnormal Tests
Abnormal testing includes failures of anything and everything that can be foreseen to fail in the system. This could be manual (human) or automatic (electronic) failure. Under every failure scenario, the system should react in a safe and preconceived manner, defaulting to a safe shutdown of the failed system until maintenance can rectify the problem. With EDS systems, safeties should be in place to prevent drainage of the system (manual or automated) unless the kill process has been successfully completed. Abnormal testing should include testing of the following: 
Lessons Learned Dead Leg
Areas in a treatment vessel that are not exposed to heat, such as a dead leg on a drain outlet before the drain valve, do not reach sterilization temperature and thus pose potential lack of sterilization of the effluent. Flush-mounted valves or wrapping the dead leg with a small steam heater have proven effective in eliminating this condition.
Temperature Statification
Temperature stratification in heating vessels has been proven to be minimal even without agitation (Whittmeier, 2001) . The authors have found that even in large vessels, the temperature varies less than 10°F from the top of the tank to the bottom. Since warmer water rises, the temperature at the bottom of the tank should be monitored to ensure sterilization of the effluent throughout the entire vessel. 
Manual Valve Operation
In automated systems, operators can isolate certain systems or services through the use of manual isolation valves. In such instances where manual valves are in place, it is important that the control system has the necessary safeties in place to prevent operation if critical services are not available for whatever reason.
Validation
To ensure that the biological waste is leaving the laboratory decontaminated and safe for disposal, validation needs to be conducted. Validation must be performed under strict biological protocols and is not usually performed by the vendor or the installation contractor. Under best-practice management, validation is performed onsite and under the exact conditions for which the equipment is to be used. Small-scale experiments can be valuable to confirm that a concept will work while using only small numbers of spores. However, it is essential that experiments are scaled-up prior to stating that a treatment system is validated. The validation should be performed by a biosafety professional with prior experience in validating such systems. Before beginning the validation, the model test organism must be identified, the validation procedure to be performed must be defined, and whether sample analysis will take place onsite or require a third party must be determined.
The EDS needs to be validated with an organism that will best match its anticipated everyday load, or an organism with more resistant properties. If the machine services a very specific-use facility that always works with the same organisms, it may be possible to validate with a vegetative bacteria or a virus. If the treatment system services a larger facility with multiple types of pathogens in use, then validating with the most stringent organism available, such as Bacillus spores, is best. Consideration should be given to selecting test spores that are vulnerable to the treatment method. Various types of Bacillus spores are available that are resistant or susceptible to different temperatures (SGM Biotech, www.sgmbiotech.com/products/suspension.php). If testing a treatment system that heats only to 200°F, then Geobacillus stearothermophilus is not a wise choice since a temperature of at least 250°F is required for a "kill." It has been long accepted that the sterility assurance level is less than 1 in 1 x 10 6 , so the validation procedure should focus on the reduction of 1 x 10 6 spores.
With indirect validation, self-contained vials that hold 1 x 10 6 are suspended in the tank or placed in a sample port. The EDS cycle is performed and the vials are collected, incubated at appropriate temperature, and, subsequently, checked for color change per the manufacturer's specification. With indirect validation, the only piece of equipment that is required is an incubator. This is a less expensive method than direct validation and can be used when quicker results may be needed.
In direct validation, spores are obtained, in solution, at a specific concentration. The spores are added to the EDS tanks through sink drains or manholes and the EDS cycle is performed. Samples (volume equivalent to 1 x 10 6 ) are collected in sterile containers from the sample port at desired times. Concentrated samples are plated onto agar plates, incubated, and assessed for growth. If the original sample was equivalent to the volume containing 1 x 10 6 , then no growth indicates appropriate sterility has been achieved. Growth of bacterial colonies suggests the system is not treating the effluent successfully. Direct validation is often a best practice but can be more labor intensive and more expensive.
Case Study: College of Medicine BSL-3 Effluent Decontamination System
Test Purpose
The purpose of the testing was to evaluate the installation and operation of all system components associated with the College of Medicine BSL-3 Effluent Decontamination System (EDS) against design specifications. The intent was to provide measured values of parameters that will allow for adjustments to system components and/or control logic that will meet design intent and owner requirements. Finally, the testing was to assure biological waste leaving the laboratories is sterilized and safe for disposal as well as to further test for potential failure or abnormal conditions to assure that they fail to a known condition or result. This test protocol is intended to be repeated on an annual or as-needed basis pending any physical or program modifications.
System Description
The BSL-3 effluent decontamination system (EDS) consists of a collection tank (Tank A) and a decontamination tank (Tank B), both with an operating capacity of 150 gallons. The system is located in the basement directly beneath the containment zone and is a thermochemical unit operating at 200°F with a pH of 11 using potassium hydroxide (KOH) or another suitable chemical. The EDS treats the effluent waste from the BSL-3 laboratory which is collected from four sinks and one body shower. The effluent from the lab is transported through a gravity-drain, double-walled PVC waste pipe which is connected to the collection tank. Once processed in the decontamination tank, the waste is cooled and pumped out to the sanitary drain.
Test Results Summary
The system performed as intended under normal operating conditions achieving a thermal level of 200°F in the liquid effluent with no thermal stratification (requires that the agitation motor remain operational during the process) and a pH of 11 using KOH. Normal operating conditions were tested on two separate dates with repeatable results. The system was tested under a variety of failure conditions and under no circumstances was any untreated effluent discharged to the sanitary drain. Some failure conditions such as high-level conditions and sensor failures are handled through engineered controls, while some failures such as power loss and overfill conditions are handled through administrative protocols. Biological verification of the system was done using a direct method due to the EDS being both a thermal and chemical process. Initially, the holding tank was loaded with Bacillus atrophaeus (SGM Biotech SSG/7) spores which would allow for both chemical and heat exposures during the decontamination cycle. Samples were taken at the time of challenge and then every 15 minutes after the discharge of the holding tank. Samples (volume which would contain 1 x 10 6 spores in the absence of treatment) were filtered using analytical water filters and the filters were placed on tryptic soy agar plates. Filters were observed for growth, which would indicate incomplete reduction of the necessary 1 x 10 6 spores. Treatment of the B. atrophaeus spores with KOH at a pH 11 yielded unsatisfactory results. The KOH appeared to protect the spores from the "kill" process. Follow-up tests to identify an appropriate chemical were performed by combining 1 x 10 6 Bacillus spores with a chemical-water mixture in small vials. These small vials were then inserted into the decontamination tank of the EDS so that spores were exposed to the same heating kinetics experienced during an actual run. Hydrogen peroxide (H2O2) provided acceptable results and was determined to be the chemical of choice at 0.2% vol/vol. As confirmation to the small-scale tests, Bacillus subtilis (SGM Biotech 5230 E/7) spores were loaded into the holding tank prior to initiating a cycle. Samples were taken at the time of loading and every 15 minutes after the discharge of the holding tank and processed as described above.
Large-scale treatment with H2O2 was not successful against B. subtilis. While Table 2 indicates successful treatment of B. atrophaeus, the table also shows that heat (200°F) alone will kill this spore. It was simply included to assure that a protective effect similar to that found with KOH was not seen. It was later determined that H2O2 added to the treatment tanks was almost immediately scavenged and depleted, leaving no chemical for treatment of the spores.
Test Procedures
Under the direction of the Commissioning Agent (CxA), the contractor was responsible for performing all the test procedures, including providing all necessary materials, test equipment, and instruments to execute all sequences of the test. Where identified, the client or 
Conclusion
Effluent decontamination systems should be verified through factory acceptance tests, site acceptance tests, commissioning tests, and biological validation tests. Vendor claims about biological or physical performance should not be accepted as the final test. Best-practice management requires that customers perform their onsite commissioning and validation procedures. Biological validation should be performed with an organism that best matches the characteristics of the anticipated organisms within the effluent. If the organisms to be used in the facility are not known, then test organisms with the most resistive properties should be used to validate the system. Direct validation of a system is the best practice, but multiple initial testing can be labor intensive and expensive. Expenses and labor can be reduced by verifying test procedures/methodology and results on a small-scale before applying to a full system load.
Additional Information
Building "Green" into EDS Designing energy efficiencies into EDS systems is difficult. Higher efficiency heat exchangers or heat transfer devices have more surface area, sharper edges, and smaller orifices which can clog and cause concern from a biosafety perspective. EDS systems are capable of heat recovery, although the efficiencies of the heat recovery system are typically 30%-40% due to the poor heat transfer devices which are tolerable to biosafety concerns. If the effluent can be kept particulate-free, then high-efficiency heat transfer devices can be introduced with minimal annual maintenance, such as those used in continuous flow systems. In larger facilities, one could conceivably separate "particulate-free" laboratory drainage from animal room drainage. The "particulatefree" drainage could be treated by a more energyefficient system than the animal room drainage. However, such scenarios are not usually economical, as the majority of the effluent in the facility comes from animal rooms and their washdown cycles.
Emerging Technologies for EDS
There are not many emerging technologies on the horizon for EDS. One new system uses microwave technology in association with the heating process. This system utilizes a heated pressure vessel with the addition of a microwave array on top of the tank. Installed systems use electric heating sources; however, any heating medium can be used including steam or oil. The manufacturer of this prototype system suggests that the microwaves can effectively decontaminate any solids that may be present in the liquid effluent waste; however, no documentation supports this claim.
Biosafety Guidelines
The CDC/NIH Biosafety in Microbiological and Biomedical Laboratories (U.S. Department of Health and Human Services, 2007) states: For BSL-4, ABSL-4, and BSL-4 cabinet lab: "Liquid effluents from chemical showers, sinks, floor drains, autoclave chambers, and other sources within the laboratory must be decontaminated by a proven method, preferably heat treatment, before being discharged to the sanitary sewer. The decontamination process for liquid wastes must be validated physically and biologically and the decontamination must be documented. Biological validation must be performed annually or more often, if required by institutional policy." Laboratories operating at BSL-3 or lower do not require the waste to be treated, unless required by the agent summary statement, risk assessment, or applicable local, state, or federal regulations.
The USDA/ARS requires the following for liquid waste (bio-waste) treatment systems: that "liquid waste from BSL-3, BSL-3Ag, and BSL-4…be collected and decontaminated in a central liquid waste sterilization system."
The Health Canada Laboratory Biosafety Guidelines state: "Liquid effluent treatment systems are used in containment level 4 laboratories (and containment level 3 laboratories handling non-indigenous animal pathogens) for decontaminating liquid waste streams from sinks, showers, autoclave chambers, and other drains. These systems represent a secondary treatment system, as no infectious microorganisms are disposed of directly into the drain without prior treatment (i.e., the addition of chemical disinfectants). The decontamination parameters (i.e., time and temperature for heat-based systems) must be defined and must be effective against the microorganisms of concern. The internal temperature and pressure of the effluent tanks and the decontamination time should be logged throughout the cycle. Chemical-based decontamination systems may be practical on a small-scale where smaller volumes of liquid effluent require treatment. Decontaminated liquids released from the treatment system must meet all applicable regulations (e.g., municipal bylaws for temperature, chemical/metal content, suspended solids, oil/grease and biochemical oxygen demand)."
